Rationale for Regenerative Treatment in Neonatology
Argumente für eine regenerative Therapie in der Neonatologie inherited diseases such as osteogenesis imperfecta more than 10 years ago [ 11 ] . In contrast, the use of regenerative medicine in specifi c diseases of neonates is still very limited and most experiences refer to preclinical studies with MSCs. There are only 2 clinical studies dealing with MSCs for treatment of BPD (ClinicalTrials.gov identifi er NCT01297205 and NCT01207869) and one for treatment of HIE (ClinicalTrials.gov identifi er: NCT00593242) listed in the NIH registry.
The preclinical studies uniformly demonstrate positive eff ects of MSC in the treatment of BPD and HIE. Regarding neonatal brain damage MSCs were eff ective in reducing the volume of the lesion and in improving functional outcome [ 40 ] . Of interest, in animal experiments methods of regenerative medicine were more successful in neonatal than in adult models, maybe due to higher plasticity and inherited increased tolerance of neonatal compared to adult neuronal cells [ 40 , 41 ] . However, also in adult animals with hypoxic brain lesions, MSCs were mostly associated with improved outcome [ 10 ] . Animal studies with rodents after induction of experimental BPD consistently showed that treatment with MSCs leads to preservation of alveolar structure and lung vascularization, decreased infl ammation and improved pulmonary outcome and survival [ 1 , 36 , 39 ] . An apparent problem of most animal models for BPD is its monocausal genesis by using high concentrations of oxygen to induce experimental BPD. However, in patients, BPD is a multifactorial disease and hyperoxygenation may be only one important factor in its pathogenesis. Beside gestational age other factors like prenatal or postnatal infection, premature rupture of membranes, prenatal corticosteroids, the presence or absence of a patent ductus arteriosus, fl uid management and strategies of breathing support or mechanical ventilation may also infl uence the occurrence of BPD. Regenerative medicine might also be important for neonatal diseases aff ecting other organs than lungs and brain. So, the use of MSCs was described in a neonatal rat model of necrotizing enterocolitis (NEC) [ 35 ] . 4 days after intraperitoneal injection in the NEC + MSC group the animals had more weight gain and a better histopathological outcome. NEC is a multifactorial disease with bacterial translocation as an important contributing factor. Therefore one might speculate that the known immunosuppressive activity of MSCs might promote bacterial overgrowth and increase transmural bacterial translocation. However, in this study bacterial translocation was reduced due to accelerated intestinal barrier reconIn this issue of the "Klinische Pädiatrie" Gortner et al. [ 8 ] report on regenerative treatment modalities in neonatology to overcome long term sequelae of prematurity and asphyxia, since both are associated with a high risk of adverse outcome leading to lifelong severe disability. According to the review by Gortner et al. [ 8 ] severe bronchopulmonary dysplasia (BPD) and hypoxicischaemic encephalopathia (HIE) might be preferable fi elds for regenerative treatment in neonatology using cord blood stem cells (CBSC), endothelial progenitor cells (EPC), mesenchymal stem cells (MSC) or MSC derived exosomes. During the past 3 decades clinical results in neonatology have improved dramatically. Over the last years the survival of preterm infants has signifi cantly increased and exceeds now 80 % for children born at 24-26 weeks gestational age [ 16 , 31 -33 ] . Despite progress in neonatology in preterm infants short and long term outcome is mainly infl uenced by respiratory diseases and neurological damages. For the survivors the risk for the development of chronic pulmonary disorders and sensoric, neurologic, cognitive and behavioral defi cits [ 4 , 15 , 24 , 25 , 34 ] remains almost unchanged. For term infants asphyxia is further a main cause for neonatal death and hypoxic brain damage [ 3 ] . About 30 % of the surviving newborns will suff er from cerebral palsy or other neurodevelopmental disabilities in later life [ 29 ] . New approaches such as hypothermia for treatment of perinatal asphyxia have substantially increased the proportion of surviving infants without neurological damage [ 25 , 27 , 28 ] . However, infants with less severe encephalopathy have the most benefi t from hypothermia. Although ongoing or planned studies hopefully will clarify the potential of new approaches for the treatment of preterm infants and newborns with perinatal asphyxia negative long term eff ects of perinatal problems such as neurodevelopmental delay and bronchopulmonary dysplasia will remain a major challenge for the caring pediatricians. Regenerative medicine is not new for pediatricians. Allogenic or autologous hematopoietic stem cells from bone marrow, peripheral blood or umbilical cord blood have been used in pediatric oncology since 2 decades for hematopoietic reconstitution after myeloablative therapies or treatment of bone marrow failure syndromes [ 30 ] . Stem cell transplantations were performed even before birth in children aff ected by diseases with known molecular basis and assured diagnosis [ 17 ] . MSCs are considered and used as a treatment alternative in severe graft vs. host disease [ 18 , 20 , 23 ] . MSCs were also used for treatment of logeneic MSC do not to induce rejection and they do also not lead to graft vs. host disease. Regarding MSCs and cancer -data from the literature are confl icting but results of some animal studies still suggest a tumor induction and growth promoting role of MSCs [ 6 , 37 ] . Thus, the long-term safety of MSCs has to be assessed. As for cellular therapy in general [ 22 ] , there remains the question on how to fi nance these treatment modalities for our small patients. Based on the experiences of paediatric oncology it might also be true for neonatology that there is no relevant market for industrial companies sponsoring these trials. Therefore the necessary studies should be supported by public funding through institutions such as "Bundesministerium für Forschung und Technologie" or a foundation for neonatal care which might act similar as the "Deutsche Kinderkrebshilfe". Reimbursement for approved treatment has to be taken over by the public health insurance companies based on approval and agreement by the regulatory agencies ("Gemeinsamer Bundesausschuss") will allow the necessary measures to achieve a standardized assurance for this treatment modality. This advancement would off er all high risk term and preterm infants the opportunity to be treated in quality controlled clinical trials, as shown earlier in Pediatric Oncology [ 2 ] . Finally, this concept may be most successful if the Society of Neonatology will invite all researchers who fulfi l the essential requirements for participation to take part in those trials. The success of German Neonatal Network (GNN) has shown the great interest of neonatologists in the implementation of cooperative studies [ 32 ] . The contribution of all eligible patients will allow to answer as soon as possible the most important questions in this very promising fi eld of regenerative medicine. stitution. These results suggest that MSCs might be a therapeutic approach to avoid the devastating long term consequences of severe NEC, but further studies are necessary to examine long term (study period included 4 days after injection of MSCs) effects and risks.
Since there is a lot of experiences using stem cells from pediatric patients with immune defi ciency syndromes or acute leukemia [ 9 , 13 ] , the diff erent hazards of the treatment strategy have not to be overlooked. Therefore, MSCs for the treatment of BPD or neonatal brain damage as suggested from preclinical studies might be initially limited to patients with severe complications which signifi cantly increase the risk of mortality in the individual patient or which are associated with a high risk of lung or brain damage leading to a lifelong major reduction of quality of life in the respective patient. Individual treatment approaches [ 21 ] should be abandoned because they will not lead to a signifi cant increase of knowledge for these therapies and may lead to publications showing positive eff ects while negative results may be suppressed. Thus, regenerative therapies should only be performed in well-designed multicentre clinical trials which are registered at the NIH. However, these preclinical studies raise important questions which have to be answered in a clinical setting: When is the appropriate time for initiation of these treatments -acute intervention during occurrence of the damage or later on when the initial infl ammatory reaction has already ceased? MSCs infl uence the regional microenvironment by paracrine secretion of cytokines and chemokines. Several studies have shown that MSCs homing occurs predominantly in tissues with the presence of injury or infl ammation, but the underlying mechanism is not fully understood. In contrast, it was also demonstrated that MSCs are trapped in the lungs after intravenous application [ 19 ] . While this may be benefi cial for treating lung damage it raises the question for the appropriate mode of application in other diseases [ 14 ] . Furthermore, the number of engrafted cells is usually too low to explain the full therapeutic benefi t [ 39 ] . MSCs do not only have a regenerative potential by simply replacing damaged resident cells, but also anti-infl ammatory, anti-apoptotic and growth promoting eff ects and might support tissue regeneration from host cell progenitors [ 7 , 23 , 42 , 43 ] . Thus it may be preferable to start regenerative treatment rather early so that cell damage of resident cells induced by local infl ammation may be limited [ 5 ] . On the other hand prematurity and HIE might be caused from prenatal processes that might decrease the positive properties of autologous MSCs. Therefore -which source of MSCs should we use? MSCs can be harvested from bone marrow and adipose tissue, but early postnatally also from cord blood, Wharton's jelly or the placenta [ 40 ] . For neonatologists the umbilical cord, cord blood and the placenta are of special interest. Another question is directed towards the optimal cell dose -amount of cells, single doses versus repetitive doses, as it has been used for treatment of autoimmune diseases [ 26 ] . New data suggest, that MSCs may exert therapeutic eff ects through highly diff erent mechanisms, such as cytokine release mediating eff ects over "long distance" [ 19 ] as well as direct mitochondrial transfer [ 12 ] . Finally, the question on what severe side eff ects might occur along with these treatment modalities may help to decide which of these strategies might be used or which cells might be preferably be used in near future. From animal and human studies acute toxicity appears similarly negligible but less is known about long term eff ects [ 5 , 38 ] . Due to their low immunogenic potential al- 
